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Variant Genotypes of the Low-Affinity Fcy Receptors in Two Control Populations
and a Review of Low-Affinity Fcy Receptor Polymorphisms in Control
and Disease Populations

By Thomas Lehrnbecher, Charles B. Foster, Shaoxian Zhu, Susan F. Leitman, Lynn R. Goldin,
Konrad Huppi, and Stephen J. Chanock

Fcy-receptors (FcyR) provide a critical link between humoral
and cellular immunity. The genes of the low-affinity recep-
tors for IgG and their isoforms, namely, FcyRlla, FcyRlIlb,
FcyRllla, FcyRIllb, and SH-FcyRlllb, are located in close
proximity on chromosome 1g22. Variant alleles may differ in
biologic activity and a number of studies have reported the
frequencies of variant FcyR alleles in both disease and
control populations. No large study has evaluated the possi-
bility of a nonrandom distribution of variant genotypes. We
analyzed 395 normal individuals (172 African Americans [AA]
and 223 Caucasians [CA]) at the following loci: FcyRlla,
FcyRllla, and FeyRIlIb, including the SH-FcyRIlIb. The geno-

to the Hardy-Weinberg law in each group. There was no
strong evidence that combinations of 2-locus genotypes of
the 3 loci deviated from random distributions in these
healthy control populations. The distribution of SH-FcyRIlIb
is underrepresented in CA compared with AA (P < .0001)
controls. A previously reported variant FcyRIlb was not
detected in 70 normal individuals, indicating that this allele,
if it exists, is very rare (<1%). In conclusion, we present data
that should serve as the foundation for the interpretation of
association studies involving multiple variant alleles of the
low-affinity FcyR.
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typic distributions of FcyRlla, FcyRllla, and FcyRIllb conform

ECEPTORS FOR THE Fc domain of IgG (fR) are  control population to interpret association studies that seek to
mainly expressed on cells of hematopoietic lineage andevaluate multiple F¢gR genotypes in combination.
provide a critical link between humoral and cellular immu-  The structural heterogeneity and complex nature of the
nity.1:2 These receptors mediate a variety of biological re-isoforms and their variant alleles reflect the functional diversity
sponses, including antibody-dependent cellular cytotoxicity,mediated by these receptors. The low-affinity receptorgiia,
endocytosis, phagocytosis, release of inflammatory mediatord|b, llla, and 1lIb) colocalize with other genes of hematopoietic
and augmentation of antigen presentafiéccyR are divided  and immunologic interest to a region in chromosome 1g22 that
into 3 classes: RRI (CD64), FeyRIl (CD32), and FgRIII includes the receptor for interleukin-6, C-reactive protein, the
(CD16). Within each class, isoforms have been identified thaselectin cluster, and the Duffy blood grotiplt is estimated that
vary in molecular weight, in binding affinity to different the maximum distance between any of the 2 low-affinityRc
subclasses of human IgG, and in distribution on the surface ofienes (FgRlla, llb, Illa and Illb) is approximately 200 k#h?
hematopoietic cells. A further level of complexity is introduced The location of a recently described variant, SHARtIb,
by the presence of variant alleles in the low-affinity receptors:which has been identified in individuals in whom a polymerase
FcyRlla, llb, llla, and llIb. In some cases, variant forms of the chain reaction (PCR) fragment can be amplified with NA2-
low-affinity receptors have been reported to have biologicspecific primers derived from R&lllb, is not known at this
differences in in vitro assays. A burgeoning number of associatime 1011
tion studies, correlating clinical outcomes with variant alleles, Preliminary results of the human genome project suggest that
underscores the potential importance of these variant alleles ipolymorphisms occur approximately once every 800 to 1,200
vivo. Accordingly, it is critical to determine the distribution of bpl12In regions sharing a high degree of homology, such as the
variant genotypes individually and in combination in a large FcyR, crossing over may be favored, and one might expect to
see a greater frequency of recombination events and, perhaps,
polymorphismg2 However, only a handful of biologically or
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158 V/F and also appears not to confer a significant biologicaccording to methods described by Jiang & almutant oligonucleo-

differencez25The 2 allotypes of FgRIlIb, assigned as neutro- tide-directed restriction site was created in theebd of the amplicon

resulting in changes of 4 amino acids in the membrane-distanf "€ less frequent, variant allele, R, containBsdJI restriction digest
Ig-like domain?122 In comparison to the neutrophils obtained site (an introduced G compared with the wild-type A). The antisense

from NAL homozygous donors, neutrophils from NA2 homozy- primer, CAACAGCCTGACTACCTATTACGCGGG, corresponding to

S . . a sequence in the next intron, assures gene specific amplification and
gous individuals bind human 1gG3 less effectively and were. q 9 P P

. . X introduces a seconBstUJl restriction site that serves as an internal
consistently found to exhibit lower levels of phagocytosis of

. - . control for restriction digestion. PCR amplification was performed in a
erythrocytes sensitized with 1gG1 and 1gG3 anti-Rhesus Dg pL reaction with 50 ng genomic DNA, 100 ng of each primer, 200

monoclonal antibod§%28 Furthermore, phagocytosis of IgG1- | mol/L each dNTP, 0.5 U Tag DNA polymerase (Boehringer Mann-
opsonized bacteria by KRIIIb-NA2 neutrophils was also  heim, Mannheim, Germany), and the manufacturer’s buffer. A denatur-
reduced in comparison to #RllIb-NA1 neutrophils, whereas ation step of 95°C for 5 minutes was followed by 30 cycles of 94°C for
no difference was found using IgG2-opsonized bacria. 15 seconds, 55°C for 30 seconds, and 72°C for 40 seconds.Bsftar
single nucleotide change at nucleotide 885 inRtbl (T —  digestion, samples were analyzed on a 3% agarose gel.

G) has been reported at the cDNA level offiyThe proposed FcyRIlb. Direct sequence analysis was performed on amplicons

change of 1 amino acid appears to alter receptor internalizatiogmPplified using the following sense and antisense primers, TCCCATC-
and capping in in vitro studi€d:°In addition, we investigated CAACCCTGGA and GGCAGATTCCTCAGCAAATCA, respectively.

the distribution of the recently described SHyRllb, which Fiﬁy-migroliter reactions containing 50 ng genomic DNA, 150 ng of

differs from the wild-type NA-2 allele by at least 1 single eaCh. primet, 200 “mOVL. dNTP, ‘?.nd 0'.5.l.J Taq pOIyn.]erase were
. . S amplified under the following conditions: initial denaturation at 95°C

I?:r?:;c{g?le’ although a biologic difference has not been esta for 5 minutes, followed by 30 cycles of 95°C for 30 seconds, 56°C for

. 30 seconds, and 72°C for 60 seconds. The primers used for amplifica-
The purpose of our study was to determine the frequency ofi, were used for sequencing with the Thermo Sequenase radiolabeled
selected variant alleles of the low-affinity R genes inalarge,  terminator cycle sequencing kit (Amersham Life Sciences, Inc, Cleve-
healthy control population. To this end, we genotyped 395jand, OH) at 35 cycles and an annealing temperature of 55°C.
normal healthy individuals (172 African Americans [AA] and  FcyRllla. The 158V/F-FgRllla polymorphism was discriminated
223 Caucasians [CA]) and determined the distribution andby an allele-specific oligohybridization of a nested PCR amplification
frequency of biologically important variant alleles ofyRlla, of genomic DNA. A gene-specific, 1.2-kb fragment was amplified using
b, Illa, and llib, including SH-FgRIIIb. We have sought to  the following sense and antisense primers, ATATTTACAGAATGGCA-
identify whether there is nonrandom distribution of combina- CAGG and GACTTGGTACCCAGGTTGAA, respectively, in a 25 pL

tions of variant genotypes in these 2 populations. Understand€action with 20 ng of genomic DNA, 75 ng of each primer, 200 pmol/L
ing the distribution of multiple FgR variant genotypes in dNTP, and 0.25 U Tag polymerase. PCR conditions were as follows: 5

control populations furnishes a critical foundation upon which minutes of initiation denaturation at 95°C, followed by 35 cycles at
pop P 95°C for 1 minute, 56°C for 1 minute, and 72°C for 1 minute. One

to Interpret futgre aSSO,C'atlon studies. Our SftUdy p!’ovlld.es %icroliter of this reaction was transferred to a separate microfuge tube
basis upon W_h'(?h the 'ndependent segre_gatlon of IndlV'dua"‘or nested PCR in a total volume of 50 pL that included 150 ng of sense
FcyR genes within a population may be estimated. Understandang antisense primers, TCATCATAATTCTGACTTCT and CTTGAGT-
ing the extent of the interaction between multipleyRc  GATGGTGATGTTC, 200 umol/L dNTP, and 0.5 U Taq polymerase.
genotypes could lead to further insight into the contribution of PCR conditions for the second amplification consisted of 30 cycles of
this complex family of genes to various pathologic condi- 95°C for 1 minute, 62°C for 1 minute, and 72°C for 1 minute. Ten
tions31-33 microliters of the final PCR reaction was transferred to a nylon filter in
duplicate (Hybond N-; Amersham). Each filter was hybridized with a
MATERIALS AND METHODS [y-32P]-ATP-labeled oligonucleotide probe corresponding to the F or vV
allele, GCAGGGGGCTTTTTGGGAGTAAA or GCAGGGGGCTTGT-
TGGGAGTAAA. The biots were washed in6SSPE with 1% sodium
Genomic DNA was isolated from peripheral blood using either a dodecyl sulfate (SDS) at room temperature, 42°C, and twice for 10
phenol-chloroform extraction method (5 Prime-3 Prime, Inc, Boulder, minutes each time at 70.5°C for the probe containing the T allele and at

CO) or Puregene DNA isolation kit (Gentra Systems, Minneapolis, 72 5°C for the G allele. Autoradiography was performed and analyzed
MN). Blood samples from 395 normal healthy individuals, consisting of petween 8 and 24 hours later.

172 AAand 223 CA, were available for genomic DNA extraction under  FcyRiilb.  Polymorphic forms of FgRIIIb were determined by
an Institutional Review Board-approved protocol for anonymous 9e-gene- and allele-specific PCR with the following primer pairs, NA1-
nomic DNA collection under the supervision of the Department of sense, CTCAATGGTACAGGGTGCTC and NA1-antisense, GGCCTG-
Transfusion Medicine, Clinical Center, National Institutes of Health GCTTGAGATGAGGT or NA2-sense, CTCAATGGTACAGCGT-
(Bethesda, MD). Only the race and sex were recorded and linked to0 ags1T1 and NA2-antisense, CACCTGTACTCTCCACTGTCGTT, using
anonymous identifier during collection of samples. a modified protocol according to Hessner et¥aontrol amplification
of a 383-bp segment of the C-myc gene was included in each tube with
. the following primer pair, ACGCCCCTCAACGTTAGCTT and CGCA-
of the Low-Affinity FgR GATGAAACTCTGGTTCACCAT. Fifty nanograms of genomic DNA
Genomic DNA was amplified according to conditions specific for was amplified in 50 pL reaction containing 200 pmol/L dNTP, 10 ng of
each FgR. Genotype analysis was completed before statistical analy-each Myc-primer, 0.5 U Taq polymerase, and either primer pair for NA1
sis. All assays were performed at least twice. or NA2. The PCR conditions were as follows: 30 cycles of 94°C for 1
FcyRlla. The previously reported polymorphism in the coding minute, 67°C for 1 minute, and 72°C for 1 minute. PCR products were
region of FeyRlla was determined by allele-specific restriction digest visualized on a 3% agarose gel.

Subjects

Determination of the Polymorphic Forms
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Table 1. Genotype Distribution of FcyRlla, FcyRlIlla, and FeyRIlIb in Normal, Healthy Controls

FcyRlla FcyRllla FcyRIllb

HH HR RR FF VF* vV NAINAL NAINA2 NA2NA2
AA 44 (26%) 73 (43%) 53 (319%) 64 (42%) 76 (50%) 12 (8%) 27 (16%) 82 (49%) 60 (35%)
CA 69 (31%) 97 (44%) 54 (25%) 91 (50%) 71 (39%)* 19 (11%) 21 (10%) 103 (47%) 93 (43%)

All Pvalues are >.05 unless otherwise indicated. Five individuals (2 AA and 3 CA) were lacking the FcyRIllb gene (1.27%).
*P = .048.

SH-FeyRIlIb. - The reported sequence variation observed in individu- total group (data not shown). There was no strong evidence for
als in whom an amplicon can be amplified with NA2-specific primers, nonrandom distribution of combinations of variant genotypes in
SH-FeyRlllb, was determined by allele-specific digest of a PCR gjther population (Table 3). It should be noted that, in the CA
amplicon with SfaNI as described by Bux et &.Using the allele- population, there is a marginally significaRtvalue for the
specific primer pair for F¢RIIIb-NA2 under conditions detailed above, combination of FgRIlla and Feyllib (P = .046), suggesting an
digestion with the restriction endonucle&sN| was performed for 3 . L .
hours and the products were visualized on a 3% agarose gel. overrepresentation of 1 or mor.e comblngthn§ of variant geno-

types. When we analyzed this group individually, the only
notable finding was for the combination of the 158F/F genotype

Citations including information on variant alleles of theyiRcand of ngRIIIa and .the FoRIIIb alleles ¢ = .016 corrected for
associated clinical studies were identified by performing searches usina1Lj|tlple compgrlsons; R= 3). The other genOtyp?S'_V/F_ and
PubMed extending back to 1980 (National Center for Biotechnology V/V 0Of 158, did not demonstrate a skewed distribution of
and Information, National Library of Medicine, National Institutes of combinations of the variant genotypes of the 2 loci.

Health). Keywords included polymorphism, allele, Fc receptor, Of the 330 individuals genotyped for both ¥Rlllb and
FcyReceptor, and clinical association. Additional references wereSH-FcyRIllb, the variant sequence of SH-FRIIIb was ob-
identified from bibliographies of identified references. served exc|usive|y in individuals in whom a PCR fragment
could be amplified with NA2-specific primers (Table 4).
Accordingly, no individuals homozygous for NA1 had evidence

Allele frequencies were computed from the observed data andf the sequence of SH-FRIIIb. The A sequence, which
deviations of observed genotypic distributions from expected distribu-gangtes SH-FgRIIIb, was significantly underrepresented in CA
tions based on the Hardy-Weinberg law were tested using st compared with AAP < .0001; Table 4§7 We further analyzed
statistic with 1 degree of freedom. For comparison of 2-locus genotypicthe distribution of the SH-ReRIIIb genotype in individuals in

distributions from random expectations,xa test with 4 degrees of e . .
freedom was performed on each>3 3 table of genotypes. In this whom a PCR product could be ampllfled W_Ith NA2 spgmﬂc
In the AA population, which has a higher

exploratory analysisP values were corrected by a factor of 3, which primers (Table 5). A |
correlates with the number of loci examined. For any 2-locus test with aifequency of detecting the variant SH-RllIb sequence, there

P value less than .05, we looked at specific combinations of genotypetvas no difference in the distribution between those individuals
by making 3x 2 tables and computing g2 test with 2 degrees of  with only NA2 primer-generated products (ie, no NA1 product
freedom. Similarly, these values were corrected by a factor of 3onthe was seen separately) and those individuals who also had an
premise that the analysis looked at 3 different genotypes. StatisticaNA1 allele. These results suggest that SHARMIb in AA
analysis was performed using the Macintosh 2.0 version of InStatR

(GraphPad Software, San Diego, CA).

Literature Search

Statistical Analysis

Table 2. Single Locus Test for Hardy-Weinberg Equilibrium of

RESULTS Low-Affinity Fcy Receptors: FcyRlla, FcyRllla, and FcyRIlib
A total of 395 individuals (172 AA and 223 CA) were AA
genotyped for at least 1 low-affinity receptoryRila, FeyRllla, FcyRlla FcyRllla FcyRIllb
or FcyRIllb (Table 1). For each of the F®R examined, the  pjjeleH = 0.47 Allele V = 0.33 Allele 1 = 0.4
genotypic distributions in both populations analyzed conform to ajjele R = 0.53 Allele F = 0.67 Allele 2 = 0.6

the Hardy-Weinberg equilibrium (Table 2). In 5 individuals Expected H/R = 0.50
(1.3%), no FgRIlIb gene was detectable, in accordance with Observed H/R = 0.43

Expected V/F = 0.44
Observed V/F = 0.50

Expected 1/2 = 0.48
Observed 1/2 = 0.49

previously reported data indicating that less than 1% of the x> =3.31 X2 = 2.65 X? = .02
population lacks the RRIIlb phenotype or that additional P =-07 p=.10 P>.10
polymorphisms interfere with allele-specific amplificati§n. cA

The allelic frequencies of RRlla, and FgRIIIb did not differ FoyRlla FcyRllla FcyRIllb
b_etween AAand CA, but in the Fllla, there was a marginal  ~,, 2=~ 053 Allele V — 0.30 Allele 1 — 0.33
difference between the 2 groups for the heterozygotes 158V/F 5 jc1e R = 0.47 Allele F = 0.70 Allele 2 = 0.67

(P = .048). Expected H/R = 0.50
To further investigate the possibility of a nonrandom distribu- observed H/R = 0.44

tion of genotypes in a healthy population, we concentrated our x2 = 2.89

analysis on 330 individuals (150 AA and 180 CA) who were P = .09

Expected V/F = 0.42
Observed V/F = 0.39
x> = .85
P> .10

Expected 1/2 = 0.44
Observed 1/2 = 0.47
x?=1.01

P> .10

successfully typed at the 3 loci for #Rlla, FeyRllla, and

Allele frequencies and the expected and observed frequency of

FcyRIllb. The distribution of allelic variations in this subgroup heterozygotes are presented. Data were analyzed using x? test for
did not differ significantly from the distribution observed in the heterogeneity with 1 degree of freedom.
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Table 3. Analysis of Variant Genotypes of FcyRlla, FcyRllla, and Table 4. Genotype Distribution of SH-FcyRllIb in Individuals
FcyRlIllb in a Healthy, Control Population in Whom a PCR Fragment Could Be Amplified With
AA cA NA2-Specific Primers
FcyRlla FeyRllla FcyRlla FeyRllla o :\?23) o 5’257)
HH FF 16 (40%) HH FF 21 (37%) SH(-) 80 (65%) 149 (95%)
HH  VF 18(45%)  HH  VF 24 (43%) SH(+) 43 (35%) 8 (5%)
HH Y 6 (15%) HH A% 11 (20%)
HR  FF 24(38%) HR  FF 42 (52%) P <.0001
HR VF 35 (54%) HR VF 32 (39%) Individuals in this analysis were restricted to those in whom a
HR W 5 (8%) HR W 7 (9%) PCR fragment was amplified with NA2-specific primers (84% of
RR FF 23 (50%) RR FF 27 (63%) AA and 90% of CA). SfaN1 digestion of amplicon generated with
RR VF 22 (48%) RR VF 15 (35%) NA2-specific oligonucleotide primers was analyzed by agarose gel;
RR wW 1(2%) RR wW 1(2%) digestion by SfaN1l indicates the presence of the SH-FcyRIllb se-
x> =597 P=NS x?=11.02 P=.078 quence. The difference between the 2 groups was significant at
FcyRlla FeyRlIllb FcyRlla FeyRlIllb P < .0001.

HH  NAINA1L  13(32%) HH  NAINAL 9 (16%)

HH  NAINA2  15(38%) HH  NAINA2 29 (55%) tion), indicating either duplication or redundancy of theyRél1b

HH  NA2NA2  12(30%) HH  NA2NA2 16 (29%) gene, whereas in 14 AA individuals (33% of SHyRillb

HR NA1INA1 9 (14%) HR NAINA1L 8 (10%) positive and 11% overall), onIy the SH-’ﬂe”'b sequence was

HR  NAINA2  27(42%) HR  NAINA2 41 (50%) detected. In only 1 of 8 CA patients who were positive for

HR  NA2NA2 28 (44%) HR  NA2NA2 32 (40%) SH-FeyRIlIb, completeSfaN1 digestion was observed.

RR NAINAL 3 (7%) RR NAINAL 3 (7%) A variant cDNA has been isolated corresponding to a

RR NAINAZ ~ 25(57%) RR  NAINAZ 15 (35%) possible polymorphism in R®IIb that alters its biologic

RR - NA2NAZ ~ 16(36%) RR  NA2NAZ 24 (58%) function2°-3We directly sequenced 140 separate chromosomes
X =11.94 P =.053 X =841 P=NS from 52 CA and 18 AA individuals and in each case identified T

FcyRIlla FeyRIlb FcyRllla FeyRIllb at bp 885 and no G. We conclude that this proposed variant of

FF NAINAL  13(21%) FF  NAINAL 15 (17%) FeyRIlb is very rare, if it exists. _ _

FF NAINA2  26(42%) FF  NAINA2 47 (53%) A comparison of our results with those of published studies,

FF NA2NA2  23(37%)  FF NA2NA2 27 (30%) identified using PubMed, which generally report on only 1

VF NAINAL  10(14%) VF NAINAL 3 (4%) FcyR variant allele, is shown in a meta-analysis in Table 6. The

VF NAINA2 34 (47%) VF NAINA2 33 (46%) largest collection of studies has been reported for the

VF NA2NA2  30(39%)  VF NA2NAZ 35 (50%) H/R genotypes of FgRlla. In total, 2,419 CA have been

VWV NAINAL 2(17%) VvV NAINA1L 2 (11%) genotyped and reported in 23 studies including 24 separate

VW NAINA2 7(58%) VW NAINA2 5 (28%)

populations?2:38-57.61.6@An analysis of the distribution of variant
W NA2NA2 3(25%) W NA2NA2 10 (61%)

genotypes of F¢gRIla was performed between individual study

x?=239 P=NS x> =12.27 P=.046
A3 X 3 X test with 4 degrees of freedom was performed for each Table 5. Distribution of Variant Genotypes of SH-FcyRlllb in
2-locus comparison (ie, HH, HR, RR and VV, VF, FF). P values are Individuals, as Determined by SfaN1 Digestion of PCR Fragments
corrected by a factor of 3, reflecting the exploratory comparison Amplified With NA2-Specific Primers
of 3 separate loci. Individuals lacking the FcyRIllb gene are not
included. AA CA
Abbreviation: NS, not significant. Positive Positive
Amplification Pattern Amplification Pattern
With Primers of SfaN1 With Primers of SfaN1
Corresponding to Digestion Corresponding to Digestion

appears to be randomly distributed between the 2 genotypes that

! : e . . NAL + NA2 CC 44 (66% NAL + NA2  CC 80 (94%
contain fragments generated with NA2-specific primers (ie, (66%) (94%)

. . L ) AC 14 (21% AC 4 (5%
with and without the presence of NA1). For those individuals in AA 9 (1(3%;) AA 1 2102;
whom an amplicon was amplified with NA2 primers and a2 oniy CC 36(64%)  NA2only CC 69 (96%)
completeSfaN1 digestion was observed, it is assumed that only AC 15 (26%) AC 3 (4%)
the SH-FgRIlIb sequence is present. From our typing assays, it AA 5 (9%) AA 0 (0%)
is not possible to conclude whether 1 or 2 copies of the =10 P— 60 - 88 P64

SH-FeyRIlIb sequence are present; anyRtllb null gene could
be present. Furthermore, our results indicate that, in some Sf@N1 digestion of amplicon generated with NA2-specific oligo-
individuals, there might be duplication or redundancy of the "ucleotide primers was analyzed by agarose gel; SH-FcyRIllb can only
FCleIlb gene, because SH-ERIIIb (as indicated by heterozy- be detectg(?l in |.nd|V|dua.Is |n.Whom a prodgct.can be amplified with

. . . . . AR NA2-specific primers. Digestion by SfaN1 indicates the presence of
gOSItY with respect tefaN1 dlgeStlon) 1S deteCteq _In Ind!VIdu_ the SH-FcyRIllb sequence. Specifically, a nucleotide change at posi-
als with the NA1 allele and a fragment amplified with the tion 266 from C to A results in a change of alanine to aspartic acid at
NA2-specific primers (Table 5). Of the 43 AA Who Were (esidue 78. Data were analyzed using a 3 X 2 2 test for heterogeneity
positive for SH-FgRIllb, in 29, incompleteSfal digestion was  with 2 degrees of freedom. Sequence difference at nucleotide position
observed (67% of SH-RRIIIb and 24% of the total popula- 266: C, reported NA2 sequence; A, SH-FcyRIllb.
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Table 6. Published Data of Frequencies of Variant Genotypes of the Low-Affinity Fcy Receptors

LEHRNBECHER ET AL

Comparison
FcyRlla With Other
Population No. HH HR RR Populations* Reference
CA (P)
UK 259 57 (22%) 120 (46%) 82 (32%) (.0067) Botto3®
Germany 256 71 (28%) 134 (52%) 51 (20%) Carlsson®®
France 218 75 (34%) 99 (45%) 44 (21%) (.0093) Bachelot-Loza%
Germany 187 53 (28%) 84 (45%) 50 (27%) Manger4®
United States 149 38 (26%) 79 (53%) 32 (21%) Edberg*
Netherlands 123 36 (29%) 59 (48%) 28 (23%) Sanders#*?
Russia 107 30 (28%) 58 (54%) 19 (18%) Platonov*®
United Statest 102 20 (20%) 56 (55%) 26 (25%) Arepally*
United States 100 19 (19%) 49 (49%) 32 (32%) Brandt*®
Canada 100 26 (26%) 52 (52%) 22 (22%) Horsewood*6
Canada 95 20 (21%) 49 (52%) 26 (27%) Denomme*’
Finland 93 25 (27%) 55 (59%) 13 (14%) Joutsi*®
Netherlands 87 24 (28%) 44 (50%) 19 (22%) Koene®!
Netherlands 69 22 (32%) 36 (52%) 11 (16%) Duits*®
UK 66 12 (18%) 38 (58%) 16 (24%) Smyth5°
Ireland 61 15 (25%) 35 (57%) 11 (18%) Williams®t
United Statest 56 11 (20%) 26 (46%) 19 (34%) Abadi>?
United Statest 56 11 (20%) 30 (54%) 15 (27%) Salmon33
Greece 52 20 (39%) 24 (46%) 8 (15%) Smyth®°
Norway 49 9 (18%) 18 (37%) 22 (45%) (.0023) Raknes®?
United States 47 14 (30%) 24 (51%) 9 (19%) Reilly>*
UK 40 9 (23%) 22 (55%) 9 (23%) Caliz (a)%
United States 35 8 (23%) 19 (54%) 8 (23%) Osborne®®
Australia 22 2 (9%) 13 (60%) 7 (31%) Burgess®’
Total 2419 627 (26%) 1,223 (50%) 579 (24%)
§(x? = 3.99, P = .14 vCA of Table 1)
FcyRlla
Population No. HH HR RR Reference
AA
United States 100 27 (27%) 50 (50%) 23 (23%) Salmon38
Caribbean 7 17 (22%) 35 (45%) 25 (33%) Botto®®
United States 50 7 (14%) 30 (60%) 13 (26%) Reilly>*
Norris>®
Total 227 51 (22%) 115 (51%) 61 (27%)
§(x2 = 2.32, P= .31 vAA of Table 1)
FcyRlla
Population No. HH HR RR Reference
Far East
Japan 105 63 (60%) 38 (36%) 4 (4%) Kobayashis!
Korea 64 22 (34%) 37 (58%) 5 (8%) Song®°
China 49 24 (49%) 20 (41%) 5 (10%) Botto®®
China 18 9 (50%) 8 (44%) 1 (6%) Osborne®t
Japan 18 11 (61%) 6 (33%) 1 (6%) Osbornes®
India 16 2 (13%) 9 (56%) 5 (31%) Osborne%®
Total 270 131 (49%) 118 (43%) 21 (8%)
FcyRllla
Population No. FF VF A% Reference
CA
United States|| 200 87 (43%) 92 (46%) 21 (11%) Wu24
Netherlands 87 28 (32%) 44 (51%) 15 (17%) Koene?
Total 287 115 (40%) 136 (47%) 36 (13%)

§(x? = 4.69, P = .10 vCA in Table 1)
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Table 6. Published Data of Frequencies of Variant Genotypes of the Low-Affinity Fcy Receptors (Cont’d)

FcyRIlb
Population No. NA1INA1 NA1INA2 NA2NA2 Reference
CA
United Statest 99 17 (17%) 71 (72%) 11 (11%) Hessnerss
United States 90 10 (11%) 46 (51%) 34 (38%) Hessners3s
Netherlands 87 11 (12%) 39 (45%) 37 (43%) Koene®!
United Statest 67 10 (15%) 30 (45%) 27 (40%) Wainstein®2
Norway 49 4 (8%) 28 (57%) 17 (35%) Raknes??
Total 392 52 (13%) 214 (55%) 126 (32%)
§1(x2 = 7.32, P = .026 vCA in Table 1)
FcyRIlb
Population No. NALINAL NALINA2 NA2NA2 Reference
Far East
India 92 15 (16%) 26 (28%) 51 (55%) Hessners®
Native American
United States 98 20 (20%) 71 (71%) 9 (9%) Hessnerss
§AA
United States 99 16 (16%) 30 (30%) 54 (54%) Hessners3®

§(x? = 10.25, P = .006 v AA in Table 1)

*The distribution of genotypes in each individual study was compared with the overall distribution of remaining published populations
(including the population reported here) in a 3 X 2 x? analysis (with 2 degrees of freedom). Studies listed more than once report distinct
populations in the paper and are treated as separate populations for the purpose of the analysis. Only significant values are shown in the table. (a)
indicates data presented in abstract form only.

tRace not specified.

fHispanic and/or Mexican American.

§Comparison of data presented in Table 1 with the sum of the published studies.

|[Ethnically diverse.

fWhen the Hispanic population reported by Hessner is excluded from the analysis, there is no significant difference (NA1/NA1, 35 [12%];
NA1/NA2, 143 [49%]; NA2/NA2, 115 [39%]; x2 = 1.02, P = .60 vCA in Table 1).

populations and the remaining published population as well aseft-hand column (Table 7). We analyzed the data presented as
against the population reported here. In 3 of the 23 studies, theneaw numbers in each report and reported the findings without
was a difference detected by>3 2 x2 analysis’>38%®Interest-  correction. The data presented in Table 7 indicate that, in
ingly, these included the 2 largest studies and 1 of the smallesyatients with systemic lupus erythematosus (SLE), the associa-
studies. Comparison of our Study results to the total in Table Qion with FC\/R”a variant genotypes varied in different popu|a_
did not show a significant difference overal & .14, x> = tions. For example, in AA, 2 of 3 studies demonstrated an
3.99) or by genotype (data not shown). Similarly, there was noassociation, whereas none of the studies in CA are compel-
difference between the reported populations of AA at the"ng_aa,ss In the meta-analysis, the overall effect appears to be
FcyRlla locus or between our population and the total of the Sstronger for AA compared with CAX(= .001v P = .078). On
studies’®5458However, there is an appreciable difference in thethe other hand, the association betweesRitia variants and
distribution of variant FgRIla genotypes in populations from SLE has been \,/vell demonstrated in both reported studies (

1,38,56,60
the Far East 004 ancP = .0072)23:24

In comparison to the published literature onyRtla variant . . . L
P P . . vy . Published studies exploring the association between low-
genotypes, there are few studies with small sample sizes

reporting the frequency of variant genotypes ofyRéla and aff|n|t.y. FC_YR genotypes .and phenotypic dlfferences within a
FeyRIlb in CA and FeyRIlIb in AA. 23243235616 omparison specm; disease population arg presentgq in Table 8. A me_tfi-
of our results for FgRIlla in CA to those of the published analysis was performed on studies examining SLE and nephritis

literature indicates a difference for the FF genotype &hly. &t the FaRlla locus; the individual studies indicate that the
Similarly, the distribution of the NAL/NA2 and NA2/NA2 overall association at this locus is weak, at best. In the absence
genotypes in AA differed from the one study in the literatére. ©Of Significance at the locus overall, it is difficult to interpret the
Previously, there were no published data available foffita ~ Marginal association observed between H/H genotype and
in AA. nephritis in AA with SLE. Table 8 also includes single studies

In Table 7, we present an analysis of published studieghatassociate 1 more #R with renal dysfunction in Wegener’s
comparing the distribution of low-affinity R&R genotypes in  granulomatosis, thymoma in myasthenia gravis, granulomas or
cohorts with a well-defined disease versus healthy controlsauto-immune disease in chronic granulomatous disease, recur-
These studies describe the possible contribution ofRFc rence of periodontitis, hemolytic anemia in SLE, and severe
variants to development of the underlying disease listed in theneningococcal infectiofi-33.40-41.64



Table 7. Published Studies Comparing the Distribution of Low-Affinity FcyR Genotypes in Disease Versus Normal Control Populations

FcyRlla
Association Association
by Locus by Genotype
Overall (2 X 2 table; Control Case
3x2 HH vHR + RR, Genotype Genotype Country/
table; RR VHR + HH, Ethnic
Disease Pvalue) Pvalue) HH HR RR HH HR RR Group Reference
SLE .066 .57 22 36 11 18 50 27  Netherlands/CA Duits*®
.062
SLE 91 .87 57 120 82 46 97 72  UKICA Botto3®
.67
SLE .16 12 53 84 50 40 37 31 Germany/CA Manger4®
72
SLE .61 .32 12 38 16 10 49 22  Greece/CA Smythse
.69
SLE .30 .61 20 24 8 14 16 12 USAI/CA Smyth®°
12
SLE .48 .50 24 44 19 16 33 21 Netherland- Koene®t
24 USA/CA
SLE 13 .062f 11 30 15 5 38 23 USAICA Salmon (a)%
.34
SLE .23 .086 17 35 25 8 37 25 Caribbean/AA Botto3®
.68
SLE .015 .0065f 14 15 10 4 23 16 USA/AA Salmon38
.26
SLE .021 .047 27 50 23 37 97 80 USA/AA Salmon38
.011
SLE .61 .33 24 20 5 18 23 5 China/PR Botto3®
1.00f
SLE .0041 .0009 22 37 5 8 56 9 Korea/PR Song®°
Alf
Subtotal: .078 .14 199 376 201 149 320 208 CA
SLE .085
.001 .0007 58 100 58 49 157 121 AA
.014
.008 .0019 46 57 10 26 79 14 PR
A7
<.0001 <.0001 303 533 269 224 556 343 Total
.0022
HIT .044 .015 19 49 32 33 41 22 USA/ED Brandt*®
.15
HIT .022 .39f 2 13 7 4 15 0 Australia/CA Burgess®’
.0098f
HIT .065 .022 61 124 79 30 35 19 Canada/ED Denomme*’
.19
HIT .20 .18f 75 99 44 5 16 4 France/CA Bachelot-Loza%
79f
HIT .90 1.00f 20 56 26 2 8 3 USA/CA Arepally**
1.00f
HIT .0008 .0003 182 300 125 77 207 105 Germany/CA Carlsson®®
.019
Subtotal: .31 13 359 641 313 151 322 153 Total
HIT .82
ITP, refractory .009 .16f 15 35 11 3 12 14 Ireland/CA Williams®St
.0028
ITP .50 31 26 52 22 10 14 4  Canada/ED Horsewood (a)*¢
A4f
Subtotal: .23 .69 41 87 33 13 26 18 Total
ITP .089
Thrombosis anticardiolipin anti- ND .053 25 78RRHHR 18 27RRHHR USA/CA Salmon (a)%®
body ND
Antiphospholipid syndrome .79 .94 9 22 9 21 48 27 UKICA Caliz (a)%
.50
Wegener’s granulomatosis A7 22 38 79 32 47 71 29 USAICA Edberg*

71
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Table 7. Published Studies Comparing the Distribution of Low-Affinity FcyR Genotypes in Disease Versus Normal Control Populations (Cont’d)

FcyRlla
Association Association
by Locus by Genotype
Overall (2 X 2 table; Control Case
3x2 HH vHR + RR, Genotype Genotype Country/
table; RR VHR + HH, Ethnic
Disease Pvalue) Pvalue) HH HR RR HH HR RR Group Reference
Myasthenia gravis 12 13 9 18 22 10 13 7  Norway/CA Raknes??
.054
Periodontitis 71 .56 63 38 4 56 38 6 Japan/PR Kobayashi3!
.53f
Meningococcal disease .058 .81 30* 58* 19* 26 41 31 Russia/lCA Platonov®4
.021
Meningococcal disease, Age >5 .022 .32 30* 58* 19* 11 22 20 Russia/CA Platonov®
.0056
Sickle cell + S pneumoniae, 41 22 7*  30* 13* 12 25 14  USA/AA Norris5®
.87
Sickle cell + H influenzae, .002 .0004 7*  30* 13* 7 3 1 USA/AA Norris5®
43
Recurrent bacterial respiratory .067 .022 36 59 28 6 27 15 Netherlands/CA Sanders*?
infections .25
FcyRllla
Association Association
by Locus by Genotype
Overall @2x2 Control Case
3Bx2 table; Genotype Genotype Country/
table; P value; Ethnic
Disease P value) FF, VF, VV) FF VF \%\% FF VF \\% Group Reference
SLE .004 .009 28 44 15 41 22 7  Netherlands/ Koene®!
.016 USA/CA
.19
SLE .0072 .0017 29 69 15 87 92 21 USAICA Wu24
.013
46
Subtotal: .003 <.0001 57 113 30 128 114 28
SLE .0015
21
FcyRIllb
Association Association
by Locus by Genotype
Overall (@2x2 Control Case
Bx2 table; Genotype Genotype Country/
table; P value; Ethnic
Disease P value) 1/1,1/2,2/2)  1/1% 1/2 2/2 11 1/2 2/2 Group Reference
Myasthenia gravis .7096 AT 4 28 17 4 15 11 Norway/CA Raknes??
.54
.86
SLE .78 .58 11 39 37 11 28 31 Netherlands Koene®!
.54 USA/CA
.82
Recurrent bacterial respiratory .0902t .029t None 10 19 19 Netherlands/CA Saunders*?
infections .32
.68

Table 7 includes published studies in which the raw numbers were available for recalculation. Studies listed more than once and report distinct
populations in the paper are treated as separate populations for the purpose of the analysis. Analysis of individual studies and subtotals of
comparable studies were analyzed by x2 3 X 2 test (with 2 degrees of freedom) for overall significance and also by x2 2 X 2 test (with 1 degree of
freedom) for each genotype, when relevant. Raw values are presented and not corrected in the table. Thus, values may differ from the published
data because of correction factors determined by the investigators. In selected studies in which there were too few measurements in a cell, the
Fischer exact test was performed and is indicated by an f. The following symbols indicate ethnic background: CA, Caucasians (North American or
European); AA, African Americans; PR, Pacific Rim; ED, ethnically diverse.

Abbreviations: SLE, systemic lupus erythematosus; HIT, heparin induced thrombocytopenia; ITP, idiopathic thrombocytopenia purpura.

*Indicates a control population used for multiple comparisons; however, the numbers were included only once in the sum for the meta-analysis.

tComparison made with our Caucasian control population.

fIn the table, 1 = NAl1 and 2 = NA2.
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Table 8. Published Studies Exploring the Association Between Low-Affinity FcyR Genotypes and Phenotype Within a Single Disease Population

FcyRlla
Association Genotype:
Association by Genotype Patients Genotype:
by Locus (2 X 2 table; Without Patients With
Overall HH vHR + RR, Endpoint Endpoint Country/
(3 X 2table; RR VHR + HH, Ethnic
Primary Disease Endpoint Pvalue) Pvalue) HH HR RR HH HR RR Group Reference
SLE Nephritis .94 .036 25 49 37 12 48 43 USA/AA Salmon®®
.20
SLE Nephritis .20 .077 27 19 15 13 18 16  Germany/CA Manger#°
.28
SLE Nephritis .29 .28f 7 39 12 5 10 5 UKI/CA Smyths®
.76f
SLE Nephritis .51 .38 9 7 7 5 9 5  Greece/CA Smyth5°
77
SLE Nephritis .074 .19 11 26 8 7 24 19  Netherlands/CA Duits*®
.029
SLE Nephritis .68 .38 57 120 82 9 13 9  UKICA Bottos®
77
SLE Nephritis .63 .39 17 35 25 2 9 5  Caribbean/AA Botto3®
1.00f
Subtotal: Nephritis .55 .69 111 211 124 39 74 54 CA
SLE 27
.57 .019 42 84 62 14 57 48  AA
.19
.07 .059 153 295 186 53 131 102  Total
.055
SLE Proteinuria .077 .024 31 21 17 9 16 14 Germany/CA Manger#°
21
SLE Hemolytic anemia .0173 .0034f 40 31 25 0 6 6  Germany/CA Manger#°
.084
Wegener’s granuloma- Renal dysfunction .68 .38 20 25 10 27 46 19 USAICA Edberg*t
tosis 72
N meningitides Infection ~ Severe disease .020 .011 18 19 10 8 22 21 Russia/CA Platonov®
.034
Complement deficiency N meningitides >10 yr .057 .046f 8 4 2 2 9 3 Russia/lCA Platonov*?
1.00f
Late complement defi- Severe N meningitides ND .0039f 17 17RRTHR 1 14RRTHR Russia/CA Platonov43
ciency ND
HIV (Children) S pneumoniae infection .9377 1.00f ™ 23* 10* 1 5 2 USA/HI Abadi®?
1.00f
HIV S pneumoniae infection .78 .66f ™ 23* 10* 2 4 3 USA/MHI Abadi®?
.68f
Myasthenia gravis Thymoma .048 .026f 5 12 6 5 1 1 Norway/CA Raknes3®?
1.00f
Periodontitis Disease recurrence .57 74 9 6 0 47 32 6  Japan/PR Kobayashi3!
.50f
CGD Granuloma 14 .049 13 40 19 18 24 12 USA/ED Foster3?
.59
CGD Autoimmune .029 .69f 28 63 26 3 1 5 USA/ED Foster3?
.039f
HIT Thrombosis .036 A2 13 30 25 17 28 9  Germany/ED Carlsson®®
.014
HIT Thrombosis .69 .68f 2 8 3 6 11 6  USA/ED Arepally3
1.00f
FcyRIllb
Association Genotype:
Association by Genotype Patients Genotype:
by Locus (2 X 2 table; Without Patients With
Overall 1/1v1/2 +2/2, Endpoint Endpoint Country/
(3 X 2table; 2/2v1/1+1/2, Ethnic
Primary Disease Endpoint Pvalue) Pvalue) 11 1/2 22 11 1/2 22 Group Reference
Periodontitis Disease recurrence .032 .0098 10 4 1 27 39 19 Japan/PR Kobayashi3!
.29f
CGD Granuloma .022 .0066f 12 30 31 1 29 26 USA/ED Foster3?
.65

Table 8 includes published studies in which the raw numbers were available for recalculation. Studies listed more than once and report distinct populations in the paper
are treated as separate populations for the purpose of the analysis. Analysis of individual studies and subtotals of comparable studies were analyzed by x2 3 X 2 test (with
2 degrees of freedom) for overall significance and also by x2 2 X 2 test (with 1 degree of freedom) for each genotype, when relevant. Raw values are presented and not
corrected in the table. Thus, values may differ from the published data because of correction factors determined by the investigators. In selected studies in which there
were too few measurements in a cell, the Fischer exact test was performed and is indicated by an f. The following symbols indicate ethnic background: CA, Caucasians
(European/North American background); AA, African Americans; PR, Pacific Rim; HI, Hispanic; ED, ethnically diverse.

Abbreviations: SLE, systemic lupus erythematosus; HIT, heparin induced thrombocytopenia; ITP, idiopathic thrombocytopenia purpura; HIV, human immunodeficiency

virus infection; CGD, chronic granulomatous disease.

*Indicates a control population used for multiple comparisons; however, the numbers were included only once in the sum for the meta-analysis.
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DISCUSSION the NA1 allele plus an amplicon generated with NA2-specific

In this study, we analyzed the distribution of variant alleles of Primers that is incompletely digested witBfaN1 (ie, the
members of the low-affinity FgR family, including FeRIla, sequence includes both an A and C with the former denoting the
FeyRllb, FeyRllla, FeyRIllb, and SH-FgRIIIb, in 395 healthy, FcyRIIIB) provides evidence for duplication of the gene in
normal individuals. We present a substantially larger heanhyselected individual&! Interestingly, in individuals in whom a
cohort than previously published studies and specifically examProduct can be amplified with NA2-specific primers, we did not
ined both single allelic frequencies and the possibility of S€€ evidence of preferential distribution of ¥Rillb-NA2
nonrandom distribution of variant genotypes. Our data indicatedenotype and SH-R®IlIb. Further studies across generations
that there is a marginal difference in the distribution of are required to sort out the exact mode of inheritance. On the
genotypes between AA and CA for ’[he 158V/F genotype Ofother hand, in Selected individuals in Whom a pI’OdUCt Could be
FeyRIlla (P = .048), whereas no difference was detected for theamplified with NA2-specific primers, only the SH-RIlIb
FcyRIla and FeRIllb genotypes. Notably, our study represents Sequence was detected; Table 5 indicates that there are 14 AA
the largest collection of AA controls analyzed at theyRtla ~ and 1 CA with only SH-FgRIllb sequence detected and no
and FgRIlb loci. Furthermore, we report the first data on NA2 allele present. These individuals could have theRitib
allelic distribution of the variant alleles V and F of#Rlllain ~ null gene and would phenotype as NA2 but have no NA2
the AA population. genotype.

Despite the fact that the FRIla, FcyRllla, and FegRIllb The FeyRIlb has been shown to have an inhibitory effect on
genes are most likely derived from a common ancestral gen@hagocytosis mediated by f#Rlla and, to a lesser extent, on
and are clustered in close proximity on chromosome 1g22, w@hagocytosis mediated by #Rll1a.% Two cDNA clones that
did not find strong evidence for nonrandom distribution of differ by a single base at nucleotide 885 have been reported for
variant FeyR genotypes within our healthy, control population. the isoform FgRIIbl and are thought to represent allelic
In the course of our analysis, we only found evidence for avariation?® The change in an amino acid of the cytoplasmic
tendency towards a skewed distribution of combinations of thedomain (tyrosine substituted by an aspartic acid) has been
158 F/F genotype of R&RIlla with FeyRIIIB genotypes. The  reported to display differences in receptor internalization and
significance of this finding will be borne out in future studies of capping®® The failure to detect a single G at nucleotide 885 at
comparable healthy control populations. The tendency towardghe genomic level in 70 healthy controls indicates that, if the
a skewed distribution was seen only in the CA population andpolymorphism exists, it is very rare. Although we cannot
not in the AA population. Overall, we conclude that, in our exclude the possibility that our amplification primers could
population of healthy controls of AAand CA backgroundyRc  have preferentially recognized a contiguous polymorphic re-
genotypes for the low-affinity receptors, ¥Rlla, FcyRllla, gion, linked to the T allele, it is unlikely, because no polymor-
and Feg/RIlIb, are randomly distributed. Although it has previ- phism was identified in this region in a previous stétly.
ously been suggested that linkage disequilibrium exists between When we compared our data with a compilation of reported
the NA1 phenotype of FRRIllb and the high responder of healthy controls, we uncovered a number of interesting find-
FcyRlla, this earlier study relied on phenotype and not geno-ings. Differences in the distribution of variant alleles within
type date® Because the study did not directly examine the healthy controls were apparent for some loci but not for others,
distribution of genotypes or allelic frequencies of both genes,depending on the group studied. For example, comparison of
FcyRlla and FegRIllb, it is difficult to conclude that linkage our population with 27 reported populations in Table 6 demon-
disequilibrium exists. However, genotype analysis of our con-strated no difference for RRlla (n = 2,419 for CA and n=
trol population did not confirm an association between the pair2227 for AA), but there was an apparent difference between our
of loci genotypes previously reported. These results provide gopulation and the reported literature at thgRdlb locus (n=
foundation for future association studies that will look at 392 for CA). When the Hispanic population reported by
multiple genotypes of the low-affinity RdR. Hessner et &t is excluded from the FRIlIb CA population,

Recently, a new alloantigen of fRIllb, named SH- thereis no significant difference between our population and the
FeyRIlIb, has been characterized; it differs from theyR¢llb- remaining CA populationsy¢ = 1.02,P = .60). The issue of
NAZ2 allele by a single nucleotide change (C for A at position geographic and ethnic background is critical in interpreting
266) that results in the substitution of a hydrophobic alaninethese studies. Differences in either of these can account for
with an aspartic acid residd& The structural and functional variations in distribution of variant alleles and probably reflect
implications of this change are not known. We found that thevarying evolutionary challenges. Although we analyzed AA and
frequency of the SH variant differs between AA and GA< CA, the published literature includes studies of populations
.0001); only 3.8% of CA were SH-R®IlIb positive, whereas from the Far East and Indian subcontinent. Notably, there is an
25% of AA were SH-FgRIIIb positive. These data are in apparent difference between populations from the Far East and
agreement with those of other repof?é137Our results confirm  CA at the FgRIla locus. Lastly, the data in Table 6 indicate that
other studies showing that the SHyRillb is identified in ~ sample size can influence the distribution of variant genotypes.
individuals in whom a fragment can be amplified with NA2- It is not surprising to find a difference between 1 of the smaller
specific primerd:37 Because there is only a single base studies (n= 49) and the sum of 23 studies. On the other hand, 2
difference between NA2 and SH-RIIIb, it could be inferred  of the large studies of R&Rlla differed from the sum of the
that the SH-FgRIIIb is a point-mutated allele of NA2. How- remaining populations. This might reflect that there are actual
ever, we have considered it as a separate entity for the presedifferences in ethnic populations that become apparent when
analysis. Furthermore, the ability to identify individuals with large enough populations are compared; in turn, these observa-
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in disease populations. In Table 7, we present a compilation of

reported studies and include recalculation of raw data without NOTE IN PROOF

correction factors. Specifically, we looked at the overall locus Even though we did not find significant distortion of the

and also an association between susceptibility to a disease amdserved frequencies of the different combinations of 2-locus

individual genotypes. Although the strength of a meta-analysiggenotypes from their expected values, this does not rule out

is undermined by variations in inclusion criteria and patientdisequilibrium of haplotypes. In fact, given the close proximity

populations, several points emerge from the analysis. First, thef the 3 loci, one would expect to find disequilibrium of

association of variant alleles and disease susceptibility variebaplotypes. We tested for disequilibrium among pairs of loci

between ethnic groups. For example, the meta-analysis of SLBENd for all 3 loci separately in CA and AA using the program

in Table 7 indicates that the association between SLE andieveloped by Long et & In CA, there was significant

FcyRlla variants is strong in populations of AA and Pacific Rim disequilibrium @ < .001) between all pairs of the 3 loci. In AA,

(PR) background, whereas in CA, the association is marginalthere was significant disequilibriun® (< .05) between lla-llla

Second, a stronger association was observed for the san@nd llla-lllb, but not between lla-lllb. Neither population

disease, SLE, but at a different locus;yRdlla, in CA. These  showed disequilibrium of the 3 locus haplotypes.

data suggest that differences in the biological role of low-
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